1) (2S,2ЈR)-CYT has been isolated from the leaves of Astragalus pectinatus and other plants, and found in the urine of cystathionuric patients.
8)
However, the obtained CYT stereoisomers did not be completely separated into each individual diastereoisomer. In addition, (2S,2ЈR)-CYT was synthesized by reacting L-Hcy with (R)-2-amino-3-chloropropanoic acid [(R)-ACP]. 9) This reaction seemed to be the most simple procedure for obtaining CYT as a single stereoisomer. However, the other three stereoisomers of CYT have not yet been synthesized from optically active Hcy and ACP. Therefore, we attempted to synthesize four stereoisomers of CYT by reacting (R)-and (S)-ACP with D-and L-Hcy (Chart 1).
(R)-and (S)-ACP are easily prepared from L-and D-serine (L-and D-Ser), 10, 11) whereas L-and D-Hcy, non-proteinogenic a-amino acids, are difficult to be available. L-Hcy is bio-synthesized as an intermediate in the conversion of L-Met to LCys.
1) L-Hcy is also useful as a key compound for the syntheses of pharmaceutical chemicals, such as benzo-fused azepinone and piperidinone compounds which are selective angiotensin-converting enzyme inhibitors. 12) Although homocystine which is reduced with sodium in liquid ammonia to Hcy has been synthesized by refluxing L-Met in sulfuric acid, the obtained homocystine undergoes partial racemization. 13) Furthermore, L-Met is refluxed in hydroiodic acid to give homocysteine thiolactone hydroiodide, which generates Hcy under alkaline conditions. 14) Although we attempted to synthesize the hydroiodide, the obtained product underwent complete racemization. Optically active Hcy is produced as an N-acyl derivative of homocysteine thiolactone by optical resolution of its racemate. 15) We also reported that optically active Hcy was obtained via asymmetric transformation of (RS)-1,3-thiazane-4-carboxylic acid [(RS)-THA] which is prepared from racemic homocysteine thiolactone hydrochloride. 16) However, (RS)-THA was not obtained in a high yield because of the production of 3,6-bis(2-mercaptoethyl)piperazine-2,5-dione as a by-product in a ring-opening reaction of (RS)-homocysteine thiolactone hydrochloride under alkaline conditions. We sought to avoid the use of the dangerous reagents such as sodium and liquid ammonia and to synthesize D-and L-Hcy in optically pure forms from Met by a more facile procedure. The obtained D-and L-Hcy were reacted with (R)-and (S)-ACP hydrochlorides [(R)-and (S)-ACP · HCl] to synthesize four stereoisomers of CYT.
Results and Discussion
We attempted to construct a 1,3-thiazane ring from Met because the ring is easily opened by treatment with hydroxylamine to generate Hcy. 16) 2-Amino-4-(1-haloalkylsulfanyl)-butanoic acid seemed to be a precusor of THA derivative. LMet has been reported to yield S-benzyl-L-homocysteine 17) and S-carboxymethyl-L-homocysteine 18) by refluxing with benzyl chloride and chloroacetic acid, respectively, in concentrated hydrochloric acid. Therefore, we first attempted to synthesize (2S)-2-amino-4-(carboxychloromethylsulfanyl)-butanoic acid hydrochloride [(2S)-ACM · HCl], which might yield 1,3-thiazane-2,4-dicarboxylic acid (TDC) by intramolecular condensation, by refluxing equimolar amounts (50.0 mmol) of L-Met and dichloroacetic acid (DCA) for 6 h in concentrated hydrochloric acid (Chart 2). 19) The colorless product was crystallized from the reaction solution. However, its values from elemental analysis agreed with the values calculated for (4S)-TDC hydrochloride [(4S)-TDC · HCl], but not with those for (2S)-ACM · HCl. In addition, the 1 H-and 13 C-NMR spectra were identical to those of (4S)-TDC · HCl, which was separately synthesized by reacting L-Hcy 16) with glyoxylic acid monohydrate (GLA · H 2 O). Based on the above results, the product was determined to be (4S)-TDC · HCl.
Next, L-Met (50.0 mmol) was reacted with 75-300 mmol of DCA for 2-10 h, as shown in Figs. 1 and 2 , because the reaction using equimolar amounts of L-Met and DCA gave (4S)-TDC · HCl in a low yield (11%). 19) When L-Met (50.0 mmol) was reacted with 200 mmol of DCA for 7 h, (4S)-TDC · HCl was obtained in the highest yield (42%), as shown in Fig. 2 . However, the yield was not as high as expected. In this reaction, the reaction solution was tinged with brown-red during the reaction and the color deepened with the elapse of time and with increasing the starting amount of DCA. These facts seem to suggest the decomposition of the products because of the reaction under reflux in concentrated hydrochloric acid.
(4S)-TDC · HCl may be obtained as a mixture of two diastereoisomers, less-soluble and more-soluble ones, due to the generation of a new chiral center at the 2-position. The formation of the more-soluble diastereoisomer may be an another cause for the low yield because the more-soluble diastereoisomer has the potential of dissolving in the reaction solution. In the 1 H-NMR spectrum of the (4S)-TDC · HCl obtained by reaction of L-Hcy with GLA · H 2 O, the singlet signals due to the 2-H protons of the both diastereoisomers appeared at 5.39 and 5.23 ppm at an intensity ratio of 1 : 66.5; the intensity ratio suggests that the reaction gives one diastereoisomer of (4S)-TDC · HCl in 97% de. On the other hand, in the reaction of L-Met with DCA, the (4S)-TDC · HCl crystallized from the reaction solution was judged to be a single diastereoisomer, because its 1 H-NMR spectrum showed the singlet signal due to the 2-H proton only at 5.23 ppm. Therefore, after the crystallized (4S)-TDC · HCl was filtered off, the filtrate was evaporated to dryness in vacuo to examine by its 1 H-NMR spectrum whether the more-soluble diastereoisomer was present or not in the solution. The 1 H-NMR spectrum of the oily residue suggested that the reaction of L-Met and DCA gave selectively only one diastereoisomer of (4S)-TDC · HCl, because the proton signals due to the another diastereoisomer were not observed; the spectrum showed the proton signal due to the unreacted DCA at 6.27 ppm and those due to L-Met. In addition, the proton signals of (S)- ]. The lowering of the specific rotation did not seem to be due to epimerization, because the proton signals due to the diastereoisomer of (2S,2ЈS)-CYT were not observed in the 
Experimental
General Specific rotations were measured at 589 nm and 20°C with a Horiba Seisakusho SEPA-300 auto polarimeter equipped with a quartz cell with a 5.00 cm path length. IR spectra were obtained in the range of 4000-400 cm Ϫ1 with a Perkin-Elmer Model 1600 FT-IR spectrometer by the KBr disk method.
1 H-and . After refluxing for 6 h (104°C), the solution was concentrated in vacuo at 60°C to 30 cm 3 and then the mixture was allowed to stand overnight at 5°C. The precipitated (4S)-TDC · HCl was collected by filtration, washed thoroughly with tetrahydrofuran (THF), and dried. After evaporation of the filtrate in vacuo, followed by adding ethanol (10 cm 3 ) to the oily residue, the mixture was allowed to stand overnight at 5°C. ethanolic hydroxylamine hydrochloride under reflux (78°C) and then the mixture was immediately adjusted with triethylamine to pH 6-7. After refluxing the mixture for 25 min, 0.5 mol dm Ϫ3 ethanolic hydroxylamine hydrochloride (20 cm 3 ) was added to the mixture and then the mixture was adjusted with triethylamine to pH 6-7. After further refluxing the mixture for 1 h, followed by standing overnight at room temperature, the precipitated Lor D-Hcy was collected by filtration, washed with methanol, and dried. 8) ). The IR, 1 H-, and 13 C-NMR spectra were virtually identical to those of (2S,2ЈR)-CYT. HCl), 7) [a] D 21 Ϫ22°(cϭ1, 1 mol dm Ϫ3 HCl) 8) ). The IR, 1 H-, and 13 C-NMR spectra were virtually identical to those of (2S,2ЈS)-CYT. Found: C, 37.63; H, 6.16; N, 12.50%.
